Apoptotic death in Leishmania donovani promastigotes in response to respiratory chain inhibition: complex II inhibition results in increased pentamidine cytotoxicity.
The biochemical changes consequent to respiratory chain inhibition and their relationship to cell death in Leishmania spp. remain elusive. Inhibitors of respiratory chain complexes I, II, and III were able to induce apoptotic death of the bloodstream form of Leishmania donovani. Complex I inhibition resulted in mitochondrial hyperpolarization that was preceded by increased superoxide production. Limitation of electron transport by thenoyltrifluoroacetone and antimycin A, inhibitors of complexes II and III, respectively, resulted in dissipation of mitochondrial membrane potential that was sensitive to cyclosporin A, a blocker of mitochondrial permeability transition pore. Further studies conducted with thenoyltrifluoroacetone showed maximal generation of hydrogen peroxide with a moderate elevation of superoxide levels. Complex III inhibition provoked superoxide generation only. Interference with complex II but not complexes I and III increased intracellular Ca(2+). A tight link between Ca(2+) and reactive oxygen species was demonstrated by antioxidant-induced diminution of the Ca(2+) increase. However, chelation of extracellular Ca(2+) could not abrogate the early increase of reactive oxygen species, providing evidence that Ca(2+) elevation was downstream to reactive oxygen species generation. Ca(2+) influx occurred through nonselective cation and L-type channels and Na(+)/Ca(2+) exchanger-like pathways. Antioxidants such as glutathione and Ca(2+) channel blockers reduced apoptotic death. This study provides a new possibility that concurrent inhibition of respiratory chain complex II with pentamidine administration increases cytotoxicity of the drug. This increased cytotoxicity was connected to a 4-fold elevation in intracellular Ca(2+) that was pooled only from intracellular sources. Therefore, inhibition of complexes I, II, and III leads to apoptosis and complex II inhibition in parallel with pentamidine administration-enhanced drug efficacy.